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other words, these mice were genetically 
immune to the disease. 

This finding set Stephen O'Brien, a 
National Cancer Institute (NCI) geneti- 
cist who had helped analyze die gene, to 
thinking: If mice could carry a gene that 
protected them against a deadly viral in- 
vasion, why couldn't we? In 1979 there 
was no way to find out, since no compa- 
rable human outbreak had come along. 
But soon enough history offered up an 
exemplary epidemic: the scourge of AIDS. 
By 1984 it was known that die disease's 
cause was a fiendishly elusive virus called 
HIV. O'Brien responded immediately. 

"I rounded up half a dozen AIDS re- 
searchers and asked them what they 
thought of the idea of looking for a hu- 
man restriction gene. They said, 'Sounds 
great, but we don't know anything about 
human genetics.' I rounded up human 
geneticists and said, 'What do you diink?' 
They said, 'This is a wonderful idea, but 
we're scared to work with HIV.' So I said, 
'Okay, I'm going to try it.' " 

O'Brien asked physicians across the 
country to send blood from their high- 
risk and infected patients to his lab in 
Frederick, Maryland. "They were happy 
to help. They just sent, and sent, and sent 
the stuff to us. For ten years people have 
been sending us blood samples. We now 
have in die can samples from somediing 
like 10,000 patients." For ten years 
O'Brien and his team have been sifting 
through this treasure trove of blood for 
a gene that protects against infection 
with Hrv. 

Last August he found it, with more 
than a little help from his friends. In the 
space of a year an astonishing burst of 
revelations by numerous scientists has 
transformed AIDS research, confirming 
the reality of genetic immunity to this 
terrifying disease and offering a realistic 
possibility of its prevention and cure. 
Finding the gene, however, involved 
more twists and turns, more coincidence 
and serendipity, than O'Brien could ever 
have anticipated. In fact, finding die gene 
was mosdy the result of not even looking 
for it. 

Back in 1986, when O'Brien was start- 
ing to build up his store of HIV blood 
samples, across the country in San Fran- 
cisco, University of California virologist 
Jay Levy was describing some puzzling 
events involving HIV infection. Levy was 
not a geneticist; neverdieless, his findings 
were to provide the first lead in the hunt 
for the gene. 



"There was a man 
who routinely came in 
to be checked for in- 
fection," Levy recalls. 
"We followed him for 
about five mondis, and 
suddenly we could no 
longer find virus in his 
blood. We didn't know 
what was going on. Fi- 
nally we decided that 
maybe he's still got die 
virus but we were miss- 
ing it because there 
were cells preventing it 
from coming out. The 
logical cell was the CD8 
lymphocyte." 

HIV infects white 
blood cells, or lympho- 
cytes, called CD4 (after 
the name of a promi- 
nent protein on their 
surface). The main job 
of CD4 lymphocytes is 
to help other immune 
cells function. By pen- 
etrating these CD4 cells 
and forcing them to 
churn out new viruses 
that infect and destroy 
yet more cells, HIV 
brings the body's de- 
fense response to a 
grinding halt. The up- 
shot is AIDS. Part of 
that defense response 
involves cells called 
CD 8 lymphocytes — the 
killer cells and sup- 
pressor cells of the immune system. 
When a virus, such as HIV, infects a CD4 
cell, the cell displays telltale markers on 
its surface. CD 8 cells can recognize these 
cues and punctually destroy die diseased 
cell, or at least suppress its function. No 
wonder Levy suspected that CD8s might 
be at the heart of his patient's unexpected 
turnaround. 

Levy investigated. "We did experi- 
ments in which we removed CD 8 cells 
from samples of the subject's blood. It was 
really dramatic: virus appeared. Then we 
put the CD 8 cells back in the blood, and 
the virus went away. And by this time we 
were seeing this same phenomenon in 
other people. Pull CD8s out, virus comes 
out — put CD 8s back, virus goes away." 
But the CD8 cells weren't actually elimi- 
nating the CD4 cells — that is, with the 
CD 8 cells present, the CD4 cells in the 
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sample weren't dying. Perhaps, he 
thought, the cd8 cells were producing 
some substance that suppressed the virus, 
preventing it from replicating. To test 
that hunch, he and his colleagues put CD8 
cells in a lab dish, covered them with a 
fine-mesh screen, then spread CD4 cells 
over the top. The screen kept the cells 
apart but allowed fluid secreted by the 
CD 8 cells to diffuse upward to the Cd4s. 
Sure enough, the virus disappeared. 

For Levy, then, the key to stopping 
AIDS involved understanding CD8's role 
in the tortuous progression of disease. 
Most people infected with HIV remain 
healthy for years, until finally coming 
down with AIDS symptoms, growing 
weaker, and eventually dying. Levy felt 
that CD8 cells were the key. "The way we 
tied events togedier is tiiis: A person gets 
infected with HIV, and at first the CD 8s 
control the virus. Then for some reason 
the CD 8s lose control, the virus comes 
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out, kills off CD4 cells, and the person 
goes on to disease." 

Not many others agreed. "People 
didn't believe us," Levy says. "I can't ex- 
plain why. Maybe because this represented 
a new idea in immunology. Why would 
you suppress and not kill?" While his col- 
leagues looked on with a kind of bemused 
tolerance, Levy began a decade's search 
for the active substance in the CD8 reac- 
tion (he called it CAF, for CD8 antiviral fac- 
tor). He had no luck. It turned out that 
CD8 cells, like other lymphocytes, were 
hard to keep alive in the lab, and they 
manufactured the elusive factor only once 
in a while, making it hard for Levy to 
amass enough for study. He was reduced 
to describing what his factor was not. 

"I kept saying, 'It isn't this, this, this, 
or this.' But everyone kept saying, 'Why 
don't you tell us what it is?'" says Levy, 
sighing. "This has been the longest pro- 
ject for me." 



[T MAY BE THAT ROBERT 
Gallo has found Levy's fac- 
tor for him. In early 1995, 
almost ten years after Levy 
first described his baffling 
cases, Gallo— die rambunc- 
tious former NCI and current 
University of Maryland re- 
searcher who codiscovered 
HIV — and collaborator 
Paolo Lusso set out to determine once 
and for all whether there was anything to 
this CAF business. They, like Levy, were 
not looking for an HlV-resistance gene, 
but what they turned up offered the sec- 
ond lead to its existence. 

"I brought up in a staff meeting that 
sooner or later we were going to have to 
look at this crazy story," Gallo says. 
"Levy had been talking about it for a 
decade. You get suspicious in this mod- 
ern age when somebody talks for a 
decade." 



Gallo's huge NCI laboratory was ide- 
ally set up for the search. From long ex- 
perience, his team had cultivated a large 
number of CD4 cells that they could read- 
ily infect with HIV, and they had figured 
out how to keep CD8 cells alive. In De- 
cember 1995, Gallo and Lusso an- 
nounced that they had found substances 
secreted by CD8 lymphocytes that did in- 
deed suppress the replication of HIV. 
Specifically, they stopped viruses in the 
blood of individuals who had just been 
infected— that is, they prevented HIV 
from establishing a beachhead in the 
body. There were three of these sup- 
pressive substances. They were all mem- 
bers of an obscure family of hormonelike 
molecules called chemokines, small pro- 
teins known to help cause inflammation, 
presumably by latching onto chemokine 
receptors on immune system cells and 
dragging them to the site of injury. Most 
researchers knew next to nothing about 
diem. 

"I can honesdy say that I had heard of 
them, but barely," says Gallo. He laughs. 
"A chemokine expert told me that when 
our paper came out his mother called 
him. She had heard on NPR about these 
'cheezokines' that Dr. Gallo had found. 
'It's very important,' she said. 'You should 
work on it.' " 

aids researchers agreed. They rushed 
to investigate the little-known proteins, 
in the hopes that they might be used to 
stop the disease. 

Thus the stage was set for lead num- 
ber three. In a laboratory at the National 
Institute of Allergy and Infectious Dis- 
eases (MAID) in Bethesda, Maryland, bio- 
chemist Edward Berger was coming to 
the end of his own long quest: to under- 
stand how HIV enters cells. It had been 
suspected for over a decade that each 
time HTV entered a cell, this wily virus co- 
opted not one but two receptors on the 
cell surface. One receptor was CD4, the 
very surface protein that lent the CD4 cell 
its name. The other was a mystery. For 
years scientists, Berger among them, had 
been trying to uncover its identity. By 
December 1995, when Gallo announced 
his chemokine discovery, Berger was sure 
his team had hit pay dirt. 

He had found a complicated protein, 
a Loch Ness monster of a protein, that 
snaked above and below the surface of 
CD4 cells seven times— thus its designa- 
tion as a "seven transmembrane" protein. 
By somehow docking with both it and 
the CD4 protein, HTV could fuse with cells 
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and infect them. If cells lacked this pro- 
tein, the vims remained outside. It must 
be the long-sought second receptor, 
thought Berger. Because it allowed virus 
to fuse with cells, he named it fusin. 

The virus involved was different from 
the strain stopped by chemokines, how- 
ever. Chemokines suppressed viruses en- 
countering the body for the first time. But 
HTV quickly mutates in the body after in- 
fection. Fusin allowed these already flour- 
ishing viruses to spread farther through- 
out the body during the late, symptomatic 
stages of disease. So although fusin was 
not the end of the story — HIV must have 
been using some other receptor to enter 
cells during the early stage of infection, 
before it had a chance to mutate — it was 
an important step. 

What was this odd molecule? Surely 
it had a function other than acting as a 
receptor for late-stage HTV. When Berger 
and his team sequenced fusin 's DNA, they 
found that their protein was a relatively 
anonymous member of a huge family of 
similar molecules. "This family of pro- 
teins acts as receptors for extraordinarily 
diverse chemical processes," says Berger. 
"Receptors for neurotransmitters, recep- 
tors for olfaction, taste, sight. There are 
hundreds if not thousands of individual 
genes that are members of this family." 



One in a hundred Caucasia 
Americans carries two copie 
of the defective chemokin 
receptor gene — and thes 
le are immune to AID 



In the early stage of infection, 
HIV (green) attacks CD4 cells, 
binding to the CD4 and CCR5 
receptors and releasing its 
genome into the cell, which is 
forced to produce viruses and 
eventually dies. Chemokines, 
produced by the CD8 cells, may 
bind to the CCR5 receptors and 
interfere with HIV's attack. In 
the late stage, HIV has 
mutated (orange) and 
can now bind to 
fusin as well as 
CCR5. Cells 
infected this 
way die 
quickly, in 
droves. 

CD4 cell 
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He pauses. "And some of them are re- 
ceptors for chemokines." 

Chemokines — when Berger presented 
his results at a meeting in February 1996, 
more than a few AIDS researchers began 
making unexpected connections. Here 
were Gallo and Lusso finding that cer- 
tain chemokines stop viruses from in- 
fecting cells in the first place. Here was 
Berger announcing that fusin, a protein 
from a family that includes chemokine 
receptors, facilitated the spread of viruses 
that had already invaded the body. 
Chemokines, fusin, HTV — the connection 



was tantalizing. Could it be that, like 
fusin, another receptor, a seven-trans- 
membrane chemokine receptor, opened 
the door to the virus's initial onslaught? 
Could it be that chemokines stopped the 
assault by blocking this as yet unknown 
receptor? No one was thinking about a 
protective gene yet, but it sure looked as 
though Gallo and Berger had deciphered 
only part of the story. 

By March, in Berger's words, "My 
phone started ringing off the 
hook." Among those on the 
line was biochemist John 
Moore from the Aaron Dia- 
mond aids Research Center 
in Manhattan. He was calling 
to congratulate Berger on his 
groundbreaking discovery — 
and to fish for information. 
"Ed is Tyrannosaurus rex, " 
says Moore. "He killed the 
beast. But we weren't going 
to let him eat the whole thing. 
We were going to be raptors 
clawing at the carcass." Moore 
and his colleagues were looking hard for 
a chemokine receptor. 

"We had read a bit about chemokines, 
but we knew nothing about seven-trans- 
membrane receptors," Moore says. "In 
the middle of March, I went to a meet- 
ing in New Orleans and brought a huge 
file of reprints with me. It was my crash 
course, Chemokine Receptor 101. In one 
of the papers there was a footnote saying 
that a seven-transmembrane receptor 
called CCR5 bound one of Gallo's Hiv- 
suppressing chemokines. That was a crit- 
ical footnote." 
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The news intrigued Moore's colleague 
Richard Koup. With a postdoc, William 
Paxton, Koup had been investigating the 
mysterious case of two gay men who, al- 
though long involved in high-risk sexual 
behavior, had never even become in- 
fected by HIV, much less taken sick. Even 
before Gallo's announcement, Koup and 
Paxton had come up with two very in- 
teresting pieces of information: that CD4 
cells from these men could not be in- 
fected by the primary strain of Hiv, and 
that the men made an unusually large 
amount of chemokines. 

"Initially we didn't believe it," Koup 
says. "Then the Gallo paper came out. 
He was seeing almost the same thing we 
were seeing. Lights went off in our 
heads." 

Lights also went off in the head of Di- 
amond researcher Nathaniel Landau. 
"When I thought about it, it made sense 
that chemokines might be the key," he 
says. "By binding to a chemokine recep- 
tor, they might block HTV. It just started 
smelling like the right thing." 

What ensued was what Landau calls 
"one of the most fascinating chapters in 
the development of science." In the space 
of two weeks in late June, researchers 
from five different labs independently 
announced that they had found the co- 
receptor on CD4 cells that enabled Hiv 
to establish its initial foothold in the 
body. It was indeed a chemokine recep- 
tor. And not just any chemokine receptor, 
but the very one Moore had come upon 
in the footnote, the seven-transmem- 
brane protein CCR5 — the docking site 
for the chemokines that Gallo had found 
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LATE STAGE 

instrumental in preventing infection in 
the lab. 

The discovery came from the Uni- 
versity of Pennsylvania, from the Dana- 
Farber Cancer Institute in Boston, from 
the NIAID lab of Ed Berger (who hit the 
jackpot again), and from two teams at 
the Aaron Diamond Institute. Koup, 
Moore, and Paxton led one team, Lan- 
dau and Dan Littman of New York Uni- 
versity's Howard Hughes Medical Cen- 
ter led the other. All raced 
each other to be the first 
into print. 

"You know that you 
have to work all night, and 
all weekend, because if 
you're not one of the first 
people in print, you're 
nowhere," says Koup. "I 

don't think there's ever 

been a scientific discovery 

where the data were gen- 
erated as quickly, and were 

out in print as quickly, as 

this. And by so many peo- 
ple. It was just amazing." 
Landau agrees. "Dan 

and I were writing our pa- 

per as fast as possible, 

sending it back and forth 

by E-mail. I was sleeping 

in my office — I have a 

sleeping bag under my 

desk. We had arranged a 

courier to transport the 

paper overnight to the 

journal Nature in London. 

He was supposed to come 

here at three in the after- 



noon, and we were still work- 
ing on the paper at two. Then 
at 2:30 our E-mail system 
broke down. And the courier 
showed up. I went crazy, 
screaming at the computer 
guy to fix the system. Finally 
it fixed itself. The manuscript 
wasn't in such good shape, 
but we sent it anyway." He 
laughs. "It was pretty funny 
when we got the reviews back. 
One of the reviewers said, 
'Out of 15 authors, couldn't 
any of them have proofread 
this manuscript?' " 

This white-hot explosion 
of discoveries revolutionized 
AIDS research. For one thing, 
the finding that HIV used 
CCR5 as a coreceptor rein- 
forced the researchers' suspicions about 
how the chemokines might suppress in- 
fection. By docking onto the receptor, 
they might block HIV from doing the 
same thing. 

For another, it explained a great deal 
about the progression to disease. The 
virus initially infects CD4 cells via the CD4 
protein and the CCR5 receptor. Then, 
years later, having mutated in the body, 
it learns how to use another receptor on 



CD4 cells as well— fusin. And somehow 
this new route of infection signals a sea 
change. Once the virus learns to use 
fusin, cells begin to die off at an alarm- 
ing rate. People get sick— the symptoms 
of AIDS appear. And because fusin appears 
on a wide variety of cells, not just Cd4 
lymphocytes, these symptoms become 
many and varied. 

"For example, we know that fusin is 
expressed in very high levels throughout 
the central nervous system and the 
brain," says Dan Littman. "Late in the 
disease many people get neurological 
symptoms — AIDS dementia. When the 
virus adapts to fusin, it might trigger 
some harmful signal that leads to the de- 
struction of the nervous system, though 
this is still very speculative." 

And now scientists began to glean de- 
tails of how the virus initially enters cells. 
Says Moore, "The CD4 receptor sticks up 
from the cell, while CCR5 keeps close to 
the surface. The virus binds to CD4 like 
a blimp docking at the top of the Empire 
State Building. But yotf need to get it way 
down to the subway station on 34th 
Street— that's CCR5— so the passengers 
can get off. Otherwise you just have a 
blimp stuck to the top of the building." 
The virus and the surface of 
the cell change shape, allowing 
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the blimp to drop down to the subway 
station. 

Still, however, none of these re- 
searchers was thinking about protective 
genes. Finally that was about to change. 
"We said, 'Now let's figure out these ex- 
posed-uninfected individuals," recalls 
Koup. "Why can't they be infected by 
HIV? Maybe it was because their core- 
ceptors don't work." 

He was right. In August, when he and 
Landau discovered why, they suddenly 
found themselves face-to-face with a 
gene. It turned out that the gene for the 
patients' CCR5 receptor was defective. It 
sported a hole smack-dab in the middle 
of its dna. The result was a CCR5 protein 
so badly deformed that the cell destroyed 
it instead of displaying it on its surface. 
No wonder the patients were resistant to 
infection — without the CCR5 receptor, 
HTV couldn't get its genetic material down 
from the top of the Empire State Build- 
ing. As witii O'Brien's mice, the defective 
gene protected them. 

Genetic immunity to HIV was a 
bombshell of a discovery. No one had 
foreseen it. No one had intended it. It 
was the serendipitous result of a haphaz- 
ard succession of seemingly unrelated 
revelations. But for all the researchers' 
excitement, it was still an extremely lim- 
ited finding. These were just two people. 
They could be freaks of nature. To de- 
termine whether this immunity was au- 
dientic and prevalent, many more peo- 
ple would have to be scrutinized. As 
Koup says, "It was time to look at bigger 
populations." 

EENTER STEVE 
O'Brien. For ten 
years he had 
been combing 
through his vast 
reserves of blood 
samples, looking 
with scant suc- 
cess for the 
tiniest hint of 
a resistant gene. The discovery of the 
CCR5 receptor galvanized him. This 
wasn't just a hint — it was shout, a bellow, 
a clarion call. His lab was poised for just 
such an eventuality. And O'Brien 
pounced. By August, when Koup and 
Landau announced their news, O'Brien 
had already submitted for publication a 
study of blood samples from some 1,955 
high-risk individuals. They included gay 
men who had unprotected sex, intra- 





Since early-stage HIV needs CCR5 to infect 
CD4 cells, people who lack that receptor 
are protected from infection. 

venous drug users who shared needles, 
hemophiliacs who received tainted blood 
products. This investigation would pin 
down the truth of genetic immunity to 
HIV one way or another. 

The results were astounding. There 
is indeed a defective chemokine receptor 
gene, and it does indeed confer resistance 
to the virus. Moreover, this genetic im- 
munity is surprisingly widespread. 
We carry in our cells two copies of al- 
most every gene, one inherited from our 
mother, one from our father. O'Brien 
found that one in a hundred Caucasian 
Americans carries two copies of the de- 
fective gene — like Koup's patients, they 
are completely immune. One in five 
Caucasian Americans carries one copy of 
the mutant gene. Although these people 
can become infected, typically they stay 
healthy two to three years longer than 
those without any copies of the altered 
gene. O'Brien speculates that the reason 
may be that they have only half as many 
CCR5 receptors as is normal. "And half as 
many receptors probably limits the 
spread of virus and slows down the whole 
damn thing." 

However, the defective gene shows up 
much more rarely in African Americans, 
and almost never in native Africans, or 
Asians. Why not? The answer must lie in 
the gene's origin. The resistance gene in 
O'Brien's genetically immune mice prob- 
ably arose during an ancient viral out- 
break and came down through the gen- 
erations to the present day. He suspects 



a similar origin for diis human 
gene — but with one major 
difference. It must be rela- 
tively new, stemming from a 
time after the ancestors of the 
first Caucasians made their 
way out of Africa. 

"We're thinking that the 
mutation probably took place 
on the order of 100,000 years 
ago," O'Brien says. "And be- 
cause of die unusual nature of 
the mutation — that big dele- 
tion in the middle of the 
gene — we think it probably 
occurred in just one person. 
You hardly ever see dramatic 
mutations like this when you 
scroll through human genes — 
natural selection gets rid of 
them. But not this time." 

All of which leads to a knotty ques- 
tion. One hundred thousand years is a 
blink of an eye in evolutionary terms, 
hardly long enough for one lonely muta- 
tion, by chance, to gradually proliferate 
until it shows up in as much as 20 percent 
of a given population. "How in the hell 
did the gene get to be so frequent?" won- 
ders O'Brien. "Something like that 
doesn't just happen by chance. Some- 
thing jacked it up." 

That something might have been a 
devastating epidemic that killed off much 
of the population while sparing those car- 
rying the defective gene, which, presum- 
ably, protected them. Those survivors, 
who now made up a large percentage of 
the depleted population, passed die gene 
to their offspring. Given that kind of 
jump start, the gene might have spread 
to the millions who carry it today. "It 
could have been a prehistoric HIV that 
came in and wiped out large numbers of 
Caucasians," says O'Brien. "It could have 
been cholera, flu, bubonic plague. At least 
a quarter of the people in medieval Eu- 
rope died from plague. That's a hell of a 
selective pressure." 

But all that is conjecture. "We don't 
know anything about bubonic plague and 
chemokines. We don't know anything 
about flu and chemokines. We didn't 
even know what a chemokine receptor 
was until a few months ago. So when I 
give talks now I get these infectious-dis- 
ease guys aside and ask diem, 'Does your 
pathogen use this receptor?' " 

Meanwhile, the frantic pace of re- 
search continues, now with an emphasis 
on translating these new findings into 
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practical treatments. Levy, who is not 
convinced that chemokines are the ma- 
jor mechanism in CAF, continues to try to 
pin down his elusive antiviral factor. 
(Over a decade later, his original patient 
remains healthy.) Gallo, for his part, is 
convinced. His team is attempting to 
demonstrate chemokines' essential role 
in protection by injecting them into 
monkeys and then exposing the animals 
to virus. If the chemokines succeed m 
preventing infection, the next step may 
be to design a vaccine that provokes the 
immune system to boost chemokine pro- 
duction in the presence of HIV. 

Berger and Moore are independently 
trying to figure out how cell and virus in- 
teract, in the hopes of interfering with 
the process. Their hopes are high be- 
cause seven-transmembrane receptors, 
the family to which CCR5 and fusin be- 



long, are so familiar. "They have been 
major targets of drugs for other diseases," 
says Berger. "About a third of the top 40 
best-selling drugs target seven-trans- 
membrane receptors. I'm sitting here 
with an inhaler for my asthma, and that's 
targeting a seven-transmembrane recep- 
tor." As a result, scientists have a leg up 
in looking for compounds that block the 
receptors, so as to block Hiv's access to 
cells. Landau and Littman are also 
among those in the hunt. 

Littman is trying as well to produce a 
genetically engineered mouse that dis- 
plays human CCR5 and fusin receptors 
on its cells. Such an animal would pro- 
vide a living laboratory in which to in- 
vestigate the process of infection and 
disease. "Getting a good animal model is 
the only way 

tounderstand Freedom to Share 




the mechanism of pathogenesis," he says. 
"Besides, even if we understand the 
molecular processes in the cell much bet- 
ter, eventually we have to confirm any- 
thing we do in an animal." 

Others are looking into the possibil- 
ity of providing the protective gene to in- 
fected people via gene dierapy and bone 
marrow transplants. It might also be pos- 
sible to devise a drug that disables the 
protein that forms the CCR5 receptor. 
These strategies appear promising be- 
cause, in the case of CCR5 at least, those 
who carry defective versions of the gene 
for the receptor seem otherwise unaf- 
fected. In odier words, the normal gene 
appears to play no discernible role in 

life ^we can do without it just fine. "It's 

as if Mother Nature just handed this gene 
to us," says Landau. "It gives you opti- 
mism that you can knock it out without 
hurting anybody." 

And there might be other mutations 
that block HIV. It's unlikely that Cau- 
casians are the only ones to have evolved 
genetic resistance— people of African and 
Asian descent probably have their own 
defense mechanisms. Many populations 
include uninfected high-risk people, 
among them many Africans and Asians, 
and most don't carry the defective gene. 
Something else must be protecting them. 
Landau and Koup are among those look- 
ing for what that might be. "It could be 
a tiny mutation, something that's not ob- 
vious," Koup says. "This one was too 
easy. Usually it's not easy at all." 

O'Brien is also searching for protec- 
tive genes. "This isn't going to be the last 
gene that gets discovered," he says. "I 
think that by the end of the year we're 
going to be able to say that this gene con- 
tributes this percentage of protection 
that gene contributes that percentage of 
protection— until we can account for 
much of the genetic component of infec- 
tion." Nor does he think that AIDS is the 
only disease in which protective genes 
play a role. "We can go after other dis- 
eases, such as hepatitis, which is a leading 
cause of deadrs from cancer, and prostate 
cancer and breast cancer. We're going to 
pin down some of these hidden genes." 

But he might not agree that the pro- 
cess of discovery has been easy. He's been 
at it too long for that. "There were plenty 
of people who told me that looking for 
human resistance genes was likely to fail. 
They didn't think there was any evidence 
for such genes." 

So much for that argument. 151 
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The man who can't catch Aids 

Discovery may lead to vaccine 

TOM WILKIE SCIENCE EDITOR Friday 29 March 1996 
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Scientists have found a man who cannot catch the virus that causes Aids - and 
his blood may hold the key to developing the first vaccine. In his blood, the New 
Yorker, Steve Crohn, has the first known substance in the world that will defeat 
the HR* virus. Scientists already knew of many individuals who remain healthy 
for a very long time between infection with HIV and developing full blown Aids. 
The difference in the case of Mr Crohn and the others now identified is that they 
appear to be resistant to inf ection with HIV 7 in the first place. Mr Crohn. 49, a 
freelance editor for Fodor's Travel Guides, and another New Yorker who also 
appears to be immune, were discovered by a young Glaswegian scientist, Dr Bill 
Paxton, of the Aaron Diamond Aids Research Center in New York. DrPaxton 
and his co lleagues have found a further 23 people who, although not completely 
immune, show some degree of resistance to HIV infection. Many have remained 
free of HIV despite a history of unsafe sex with multiple sexual partners who 
subsequently died of Aids. 

From these individuals, Dr Paxton and his colleagues have taken 
the white blood cells, known as CD4 cells, which are the 
particular target of HIV, cultured the cells in the laboratory, and 
tried unsuccessfully to infect them with HIV. In the case ofMr C 
rohn's cells, the researchers could only get the infection to "take" 
by flooding the cultured cells with huge amounts of virus, far 
more than would be present in the course of a naturally 
occurring form of infection. There have been indications that 
some people might be resistant to HIV infection, because of the 
chance shuffling of the genes they inherited from their parents . 
But this evidence is only statistical. The new research has 
identified specific individuals and their biochemistry to work out 
the precise mechanism of resistance. Dr Paxton said yesterday, 
"If we can determine what is protecting these people then you ca 
n envisage therapy or vaccine design." Dr Paxton and his 
colleagues have already identified one set of biochemical 
compounds, known as chemokines, which appear to be acting in 
these people to defeat HIV. These substances were first 
recognised only five years ago and appear to play a role in the 
immune system. They report their findings in the April issue of 
the scientific journal Nature Medicine. Conventional vaccines 
consist of antibodies to the infecting agent produced by the 
immune system. But, partly because HIV subverts the cells of the 
immune system itself and partly because it is highly variable, no 
one has succeeded in producing a vaccine against it. The 
chemokines Dr Paxton and his colleagues have found are not 
antibodies. They are involved in the inflammatory" response, 
when a wound or site of infection becomes inflamed. "I do not 
believe that next week everybody will be injecting chemokines 
and curing Aids, but definitely we're on a line." Dr Paxton said. 
He stressed that any vaccine or treatment was still a long way off: 
"I'm really worried about how people will take this news - people 
should not give up a safe sex policy." For Mr Crohn, the thought 
that his blood might hold a vital secret in the battle against Aids 
"would be very touching to me." His partner, Jerry Greenwood, 
died in 1982. before the disease even had a name. 



AIDS and the black death 



A new PBS documentary connects 
HIV and the plague through 
people like Steve Crohn, whose 
ancestors' immunity to the black 
death has made them resistant 
to HIV By Lawrence Ferber 

Few people can say with certainty 
thai their ancestors had immuni- 
ty to the black death thai devas- 
Europe in the Middle Ages. 
New Yorker Steve Crohn can. 
What's more, the genes he inherited 
from those fortunate forebears may 
have made him largely immune to HIV. 

Featured on "Mystery of the Black 
Deal 1 etober 30 episode of PBS s 
SKrefs of the DflNf series. O'olm. -V>. is 
a deep-\ oiced, no-bullshit freelance edi- 
tor—and a survivor from the generation 
of gay New Yorkers swept aw^y by the 
earliest wave of AIDS in the 1980s. 

Crohn's lover at the time, Jerry Green, 
was the fifth person in the United States 
reported to have died from AIDS compli- 
cations. All but a handful of the couple's 
friends also succumbed to the scourge. 

Crohn says he spent the 1980s wait- 
ing for his own demise. It never came. 
He repeatedly tested HIV-negative. 

He eventually learned that he has a 
genetic mutation called Delta 32 — a 
"defective" genotype that prevents his 
being infected by HTV-1, the most com- 
mon strain of HIV. It's not a happen- 
stance that Crohn takes lightly. This 
has a spiritual meaning to me for a 
couple of reasons," he reflects. "I hate 
ppople saying *I feel blessod* — I think 
that sounds so narcissistic 

Indeed, Crohn's participation in al- 
most a decade of research into his ge- 
netic makeup — w r hich may help others 
who do not have the Delta 32 mutation 
to battle HIV— has given him a pro- 
found sense of meaning. "It makes one 
feel like, yeah, you've been able to 
make a contribution," he says. u In some 
very small way your life has given 




Steve Crohn in his New York apartment: His immunity to HIV-1 , he says, "has a spiritual meaning.' 



something back. And this may affect 
the welfare and well-being of millions 
of people." 

The Secrets of the Dead episode be- 
gins not with HIV but by investigating 
why so many residents of Eyam, En- 
gland, sumved the black death when 
it hit the remote village in 1665. Re- 
search by geneticist Stephen O'Brien 
has traced Crohn's Delta 32 mutation 
back hundreds of years to towns like 
Eyam, where the defensive genetic 
mutation held off the black death in 
much the same way it now protects 
frota from HIV. Today, about 10% of 
people of European heritage are esti- 
mated to be ''Delta 32-heterozygous," 
which means they received the muta- 
tion from one parent and may have in- 
creased resistance to HIV. About 1% of 
that population, like Crohn, are Delta 
32 -homozygous, having inherited the 
genetic mutation from both parents. 

Crohn learned about Delta 32 after 
he was enrolled in a 1994 Aaron Dia- 
mond AIDS Research Center stucfy of 



a dozen HI\ -exposed individuals who 
remained seronegative over long peri- 
ods of time. When Scottish researcher 
Bill Paxton mixed Crohn's CD4 immu- 
nity cells with HIV m the laboratory, 
"we could not establish an infection," 
Paxton recalls, "even with a high dose 
of HIV This was something we had 
never seen before and was extremely 
provocative and exciting." 

Researchers eventually learned that 
people with the Delta 32 mutation lack 
a functional gene coding for producing 
a receptor called OCRS — one of two 
chemical "locks" on the surface of 

<"1) 1 i-H|.s thai HIV run penetrate. 1 he 
discovery has helped fuel research 
into drugs that would similarly block 
infection — although Paxton points out 
that HIVs ability to mutate may render 
many such drugs ineffective over time. 

Crohn himself has long relied not on 
his theoretical immunity to avoid infec- 
tion but on safer sex. "[Even if] there's 
another strain out there," he says, I 
know I'm not being that exposed. " ■ 
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Stephen Crohn, The Man Who Can't Catch 
AIDS/ commits suicide at age of 66 

As many of his friends died of AIDS, Stephen Crohn never became ill due to a genetic 
defect in his white blood cells. His sister confirmed that he took his own life last month. 



BY JULIAN ARENZON , TRACY MILLER / NEW YORK DAILY NEWS / 
/ Updated: Monday. September 16. 2013. 6:43 PM 
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Steve Crohn. The Man Who Can't Catch AIDS,' is survived by his three sisters and several nieces and 
nephews. 



RELATED STORIES 

Vaccine cured 
monkeys of AIDS- 
causing virus: 
scientists 

Sean Sasser. 'Real 
World' star and AIDS 
activist, dies at 44 



Stephen Crohn. 'The Man Who Can't Catch AIDS." took his own life late last 
month in New York at the age of 66. 

Crohn's white blood cells had a genetic defect that made him resistant to AIDS 
even when tested with "HIV concentrations thousands of times greater than 
would be encountered outside a test tube." according to Dr. Bill Paxton of the 
Aaron Diamond AIDS Research Center in New York. 



Crohn, a gay man. lost many friends and his partner. Jerry Green, to the 
disease at the height of the AIDS crisis in the 1980s - but never got sick 
himself. 

"What's hard is living with the continuous grief." Crohn said in a 1999 interview 
for the PBS "Nova" documentary "Surviving AIDS." 

"You kept losing people every year— six people, seven people. Last week, a 
friend of mine's obit, was in the paper. It's not easy, when you're losing friends 
and you're that young, and it goes on for such a long period of time. And the 
only thing you could compare it to would be to be in a war." 

"My brother saw all of his friends dying, and he didn't die." Amy Crohn. 
Stephen's sister, explained to the New York Times. "He went through a 
tremendous amount of survivor guilt about that and said to himself. 'There's 
got to be a reason.' " 

Crohn volunteered himself for study at the Diamond center, where Paxton and 
Dr. David Ho discovered his genetic quirk: a flawed receptor. CCR5. that 
prevented HIV from infecting his CD4 white blood cells. 




Scientists found that Crohn's white blood cells resisted 
infection when exposed to HIV, due to a rare genetic defect. 



Paxton told The Times. 



The groundbreaking discovery 
led to a greater understanding 
of how the HIV virus spreads in 
the body, as well as new 
treatments that continue to be 
used today. It also underlies 
ongoing research to find an 
effective AIDS vaccine. 

In 1996. British newspaper The 
Independent called Crohn 'The 
Man Who Can't Catch AIDS" - a 
title that came to define his life 
as he subsequently was the 
focus of documentary films and 
newspaper articles around the 
world. 

Crohn, a painter and freelance 
editor for Fodor's Travel 
Guides, was raised in Dumont. 
N.J. and resided in New York 
City as an adult. He lived in 
Saugurties at the time of his 
death. 

His great-uncle. Burrill B. Crohn, 
was a gastroenterologist who 
lent his name to Crohn's 
disease. Crohn felt he was 
carrying on his family's tradition 
by assisting in AIDS research. 
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Jeff Getty, 49; 1st Person to Receive Transplant of Marrow 
From Baboon 

October 17, 2006 | Mary Rourke | Times Staff Writer 
| Q| Email Q Share g+1 0 ST Tweet 0 

Jeff Getty, an AIDS patient and activist who in 1995 received the first baboon-to-human bone marrow- 
transplant in an effort to prolong his life, died Oct. 9. He was 49. 

Getty died of cardiac arrest at HiDesert Medical Center in Joshua Tree, Calif., his longtime partner 
Kenneth Klueh said Monday. He had been a resident of Joshua Tree for the last four years. 

Getty was 38 when he elected to have the bone marrow of a baboon infused into his body. Surgery was 
performed Dec. 14, 1995, at San Francisco General Hospital. At the time he had been infected with HIV for 
14 years and was told by doctors that he had less than one year to live. 

Critics in the medical research conmiunity warned that the transplant could hasten Getty's death, in part 
because he could have animal viruses transmitted to hint as a result of the procedure. Animal rights 
activists were opposed because the transplant required killing the baboon donor. 



The highly experimental operation required the permission of the Food and Drug Administration, winch 
Getty fought for two years to obtain. 

"I'm going to die anyway," he told The Times in July 1995. once he had the FDA's approval. "Let's get on 
with finding some answers about the disease. If this saves me. then I got lucky." 

Unlike humans, most primates are resistant to the HIV virus, Getty's doctors said before the surgery, The 
hope was that the baboon cells would take root in Getty's bones and fight off AIDS in his body. 

Getty's body rejected the baboon cells. A number of scientists continued to follow his progress, concerned 

Unlike humans, most primates are resistant to the HIV virus, Getty's doctors said before the surgery. The 
hope was that the baboon cells would take root in Getty's bones and fight off AIDS in his body. 

Getty's body rejected the baboon cells. A number of scientists continued to follow his progress, concerned 
about the risk of new viruses from the baboon. Four years after the surgery, the FDAbanned further such 
transplants. 

During the first year after the procedure, Getty's health unproved considerably. The reasons remained 
unclear. His doctors theorized that it could have been due, in part, to other treatments that he received in 
conjunction with the surgery, including radiation and chemotherapy. 

"I have definitely bought some time," Getty told the New York Times in 1996. 

He wanted to see transplant surgeries like his continue to be performed, with close monitoring. 

"There's validity to being concerned about cross-species disease, but it shouldn't stop the research," he 
told the New York Times in 1998. 

By the time of his controversial surgery, Getty was a well-known AIDS activist. 

"Jeff was the consummate patient advocate." said Jeff Sheelry, a member of the governing board of the 
California Institute for Regenerative Medicine, an independent state agency. 

Getty was a leader in the push to allow organ transplants for AIDS patients. In many cases, strong drug 
treatments damaged their livers or kidneys. 

"The thinking was, 'Don't waste the healthy organ on someone whose prognosis is bleak' " Sheelry told 
The Times on Monday. 

Frustrated by that thinking, Getty threw a coffin on the lawn of a San Francisco hospital during a 
demonstration in 1999. 



Now more surgeons are willing to perforin organ transplants on HIY-positive patients. 

As an activist, Getty also fought for "compassionate access" to AIDS drugs before they were approved by 
the FDA. 

"Jeff argued with drug companies that people in desperate straits would survive longer if they could get 
access," Sheelry said 

It is now common for experimental drugs to be made available to HIV patients, Sheelry said. 

Born on July 14, 1957, hi Connecticut, Getty moved to San Francisco in the 1970s, said Klueh, his partner of 
26 years. They lived in Oakland through the 1990s before relocating to Joshua Tree. 

Getty graduated from the New College of California in San Francisco, Klueh said. He was a journalism 
major. 

He worked as an administrative analyst at DC Berkeley from 1980 until 1988. 

Through the 1990s, he was increasingly risible as a leader of the advocacy group ACT UP Golden Gate. 

In addition to Klueh, Getty is survived by his father, Edward; and three sisters. A memorial service is 
pending. 

Contributions in his name can be made to Maitri Compassionate Care, 401 Duboce Ave., San Francisco, CA 
94117, or on the website www.maitrisf.org. 
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The First Man to Be Cured of AIDS: An Update on the 
Amazing Story ~ This Month in HIV 

An Interview With Jeffrey Laurence, M.D. 
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[Editor's Note: Since we conducted and posted this 
interview in 2009, there have been many 
developments in the story of Timothy Ray Brown, 
formerly known only as the "Berlin patient." In 
addition to this article, we encourage you to read 
"Tentative HIV 'Cure' Presents a Guarded Sense of 
Hope" for an update on Brown's condition as of late 
2010, as well as the perspectives of two of our HIV- 
positive bloggers - Ibrahim (who is encouraged by 
Professor of Medicine Brown's story) and Thomas DeLorenzo (who remains 
Director, Laboratory for 
AIDS Virus Research 
Weill Medical College 
of Cornell University 

You see, in 2006, something incredible happened in a hospital in Berlin. It 
a unique and risky stem cell transplant, that a man may have become the 
r to be fully cured of HIV/AIDS. 

an's name has not been released; he's only known as the Berlin patient. But we know 
he's an HIV-positive American in his 40s who has been working in Berlin. In 2006, he was 
diagnosed with acute leukemia. In an attempt to treat his leukemia AND his HIV, the man's 
doctor — Dr. Gero Hiitter -- arranged for him to receive a stem cell transplant from a very 
special donor. 

Ever since that transplant, the Berlin patient has 
had an undetectable viral load even though he 
hasn't been on HIV/ AIDS treatment since before 
the transplant. The man has generously allowed 
scientists to take almost every possible biopsy and 
test, including the most ultrasensitive HIV tests 
available, but HIV has not been detected 
anywhere in his body. It's now almost three 
years since this operation and HIV still seems nc 
to have reemerged. His story inspires new hope 
that some sort of gene therapy may be the key to 
an HIV 
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top HIV scientists to discuss the patient's cas 
cured." In this interview. Dr. Laurence tells i 
patient's amazing story. 



Dr. Jeffrey Laurence, the chief scientist at amfAR, Tt 
Foundation for AIDS Research, has become the mail 
contact in the U.S. regarding the Berlin patient, 
and he remains in close contact with Dr. Hiitter, 
the Berlin patient's doctor. In September of 2008, 
Dr. Laurence organized a fascinating think tank of 
?. They all agreed that the patient is "functionally 
s a little about that meeting, and about the Berlin 



Ail HTV-Positive American Man in Berlin Needs a Stem Cell Transplant and His 
Doctor Tries a Daring Experiment 

Welcome, Dr. Laurence. 



is about the patient who appears to have been cured of 



•e been following this irdividi al. trying tc replicate what happered to him in others, for a couple of yi 
m in the interests of research. 1 



He had HIV since about the age of 30, was successfully treated with, a cocktail of drugs, and was doing very 
well with no detectable virus in his blood. His T-cell counts were over 400. He was basically a poster person 
for the way we can successfully treat HIV disease now. He was doing fine, with no complications. 

Then unfortunately, in March of 2007, at the age of 40, 
he developed a kind of leukemia - we call it acute 
myelogenous leukemia, or AML - that typically requires 
a bone marrow transplant. He went to a hematologist, 
Dr. Gero Hutter, in Berlin and was treated with the 
standard drugs for this type of leukemia. Seven months 
later, this patient experienced a relapse of his leukemia. 
(And that's not uncommon ; that happens maybe 50 
percent of the time.) This time, he was again given the 
standard treatment for patients with leukemia who are 
in relapse, But he was also given what we call a stem cell transplant. It's like a bone marrow transplant, 
except instead cf e/tractirc cells suite painfully, and under anesthesia,, from a donor's bone marrow, we 
take it from his or her blood. 

What was unusual about the particular transplant done on this patient was the extra step taken when 
selecting the donor. Normally. '. .ten locating a potertial don on fon a penson with on without HIV and 
leukemia, we would go through the worldwide registry of people who had agreed to donate stem cells or 

There are about 13 million people who are on this computerized donor list now. The Berlin patient's 
physician went through the 13 million people and found 232 people who were identical tissue-type matches 
for this patient. Any one of those 232, if they agreed to come in and donate their stem cells, presumably 
would have been an excellent match for this patient. But with the patient's approval, the doctor went a ste| 
further. 

, The doctor had a great idea. He said, "Why don't we tny to do 
something a little better than that? Why don't we think about 
curing not only your leukemia with the stem cell transplant, but 
also your HIV?" The thought there was, let's take all 232 potential 
donors and screen them for a genetic mutation that would make 
those cells resistant to getting infected with virtually all known 
types of HIV. 




It's known that if you're 
lucky enough to have this 
mutation, the delta32 CCR5, 
from both your parents -- 
something we call 
homozygous, technically — 
you are resistant to getting 
infected by most forms of 
HIV. 



This is a relatively infrequent - I wouldn't say rare — condition, 
since it's found in somewhere between 1 and 2 percent of white 
Americans and Western Europeans; in about 4 percent of people 
from Scandinavian countries; and in no Africans, African Americans 
or Asians, which tells you something about the genetics of racial 
splits way back when. 2 
What is this genetic mutation due to? 

The mutation is called delta32 CCR5, and it was discovered about 10 years ago. 3 In fact, one of the groups 
that discovered it did so with funding from amfAR (The Foundation for AIDS Research), an organization that 
I work with. 



The transplant was done, and it was successful. About a year later, the patient had a relapse of his leukemi 
and required a second transplant. Now, in this time, the patient had no HIV viral load and had good T-cell 
levels despite the fact that hi: arthiral op. c: '..'ere Hi: virus didn't come back and hisT-cell levels 

remained high - that's the miracle of this patient. 



•e trying to do i: I- ill off all of the lee I eric cells in a person's body. Leukemia comes from 
. white blood cells, and the process of killing off those cells means treating the person with 
many drugs that are toxic to blood-forming cells as the person will tolerate. 

In this instance, the person was 40 years old and could tolerate 
things very well. He was given radiation therapy to his whole body. 
He was given two immunosuppressive drugs. He was given a serum 
prepared in a rabbit immunized with human T cells -- like kind of an 
antibody to kill off a person's T cells. He was also given a multitude 
of drugs that cannot only I- ill lee keria cells, but can also kill 



"And what if that virus were 
to pop out from hiding, 
from a latent state, from 
dormancy? It would 
presumably be prevented 
from taking over this 
person's body again and 
growing as if he had been 
newly infected, because the 
cells that he was given 
from the donor are 
resistant to infection by 
HIV. That's the key part of 
what we've done here." 



e cells. 

So he was basically an empty vessel. All of his own stem cells and 
all of his own bone marrow blood-forming cells were utterly 
destroyed. If you just left him alone, he would die within a week or 
two. But this person obviously was rescued, as you need to be, with 
stem cells taken from the blood of the donor. (Stem cells can also 
be obtained from bone marrow.) 

All of the blood-forming cells in this Berlin patient's body were 
replaced with donor cells. There was nothing that was genetically 
identifiable in terms of blood-forming cells — in terms of T cells 
susceptible to HIV infection -- that looked like the recipient, It was 
a.'.' from the donor. 

As I mentioned, thi: ',:a: a very special Conor '..'ho hao been :electeo. A was 
written about this case. 4 The article subheading was, in part, "Many Thanks, Sample 61," because of the 
232 people that they could have used for thi; tnan : plant. •. ,t c:e tissue t .pes •. 'ere perfectly reasonable to 
give to the Berlin patient - and they tested every single one of them - number 61 turned out to have the 
delta32 CCR5 mutation that would make the cells being put back into the body of the Berlin patient 
resistant to virtually any kind of HIV we know of. 

To answer the question, "What if there's a virus lurking in this person's brain, hair follicle or fingernail 7 " 
Whatever you want to postulate' And what if that virus were to pop out from hiding, from a latent state, 
from dormancy? It would presumably be prevented from taking over this person's body again and growing 
as if he had been newly infected, because the cells that he was given from the donor are resistant to 
infection by HIV. That's the key part of what we've done here. 
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Doctor who cured 'Berlin © 
patient' of HIV: 'We knew we 
were doing something very 
special' 
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Relapse of 'cured 1 HIV patients spurs A 

LONDON | BY KATE KELLAND. HEALTH AND SCIENCE CORRESPONDENT 

oooooo 

Scientists seeking a cure for AIDS say they have been inspired, not crushed, by a major 
setback in which two HIV positive patients believed to have been cured found the virus re- 
invading their bodies once more. 

True, the news hit hard last month that the so-called "Boston patients" - two men who 
received bone marrow transplants that appeared to rid them completely of the AIDS- 
causing virus - had relapsed and gone back onto antiretroviral treatment. 

But experts say the disappointment could lay the basis for important leaps forward in the 
search for a cure. 

"It's a setback for the patients, of course, but an advance for the field because the field has 
now gained a lot more knowledge," said Steven Deeks, a professor and HIV expert at the 
University of California, San Francisco. 

He and other experts say the primary practical message is that current tests designed to 
detect even very low levels of HIV present in the body are simply not sensitive enough. 

As well as having the human immunodeficiency virus (HIV), the Boston patients both also 
had a type of blood cancer called lymphoma, for which they were treated using bone 
marrow transplants - one man in 2008 and the other in 2010. 

They continued taking the antiretroviral AIDS drugs, but eight months after each patient's 
transplant, doctors found they could not detect any sign of HIV in their blood. 

In the early part of 2013, both patients decided to stop taking their AIDS drugs and both 
appeared to remain HIV-free - prompting their doctors, Timothy Henrich and Daniel 
Kuritzkes from Boston's Brigham and Women's Hospital, to announce at a conference in 
July that they may have been cured. 

Yet in December came news that one of the men had begun to show signs of an HIV 
rebound by August, while the second patient had a relapse in November. 

Henrich said the virus' comeback underlined how ingenious HIV can be in finding hiding 
places in the body to evade attack efforts by the immune system and by drug treatment. 

"Through this research we have discovered the HIV reservoir is deeper and more 
persistent than previously known and that our current standards of probing for HIV may not 
be sufficient," he said, adding that both patients were "currently in good health" and back 
on antiretroviral therapy. 

INSPIRATION 

Barely a decade ago, few HIV scientists would have dared put the words HIV and cure in 
the same sentence. Yet some intriguing and inspiring cases in recent years mean many 
now believe it is just a question of time before a cure is found. 

First was the now famous case of Timothy Ray Brown, the so-called "Berlin patient," 
whose HIV was eradicated by a complex treatment for leukemia in 2007 involving the 
destruction of his immune system and a stem cell transplant from a donor with a rare 
genetic mutation that resists HIV infection. 

Such an elaborate, expensive and life-threatening procedure could never be used as a 
broad-spectrum approach for the world's 34 million HIV patients. But the results in Brown 
focused scientific attention on a genetic mutation known as 'CCR5 delta 32' as a target for 
possible gene therapy treatment. 

Then last March, French scientists who followed 14 HIV-positive people known as the 
"Visconti patients", who were treated very swiftly with HIV drugs but then stopped 
treatment, said that even after seven years off therapy, they were still showing no signs of 
the virus rebounding. 

That announcement came only weeks after news of the "functional cure" of an HIV-positive 
baby in Mississippi who received antiretroviral treatment for 18 months from the day she 
was bom. By the time she was two this appeared to have stopped the virus replicating and 
spreading. 

A "functional cure" is when HIV is reduced to such low levels that it is kept at bay even 
without treatment, though the virus can still be detected in the body. 

Sharon Lewin, an HIV expert at Monash University in Australia, said all these 
developments, as well as the setback suffered by the Boston patients, inspired scientists to 
investigate many different approaches in the search for a cure. 

"We've learnt many things here - and one of the most important is that a tiny, tiny amount 
of virus can get the whole thing going again," she told Reuters. "It's a clear message that 
we need better ways to pick up the virus." 

Scientists are now more convinced than ever that a two-pronged approach which aims to 
firmly suppress the virus while bolstering the immune system provides the best way 
forward. 

"We need to attack in two ways - reduce the virus to very low levels and also to boost the 
immune response. We can't do one without the other," said Lewin. 

"So we still have to think of other creative ways to control HIV. And it's still early days. .. 
before we can say which approach is likely to be the winner." 

(Reporting by Kate Kelland, editing by Gareth Jones) 
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